observed vs. 14.2 expected), and colon and rectum (58 observed 
vs. 38.1 expected) among this study cohort. Similar 
observations, have been reported by others (Elmes and Simpson, 
1971; Kogan et al., 1973). 

Cock and Olson (1979) have recently shown that sediment In 
human urine contains amphibo 1e fibers, thus providing the first 
evidence that mineral fibers pass through the human 
gastrointestinal mucosa under normal conditions of the 
alimentary canal. 

Stell and McGill (1973) found that of 100 mpn with 
souamous-cell carcinomas of the larynx, 31 had known exposure to 
asbestos, compared with only 3 in matched controls. Similar 
associations have been reported by Morgan and Shettigara (1976): 
Shettigara and Morgan (1975): Rubino et al. (1979): and Selikoff 
et al. (1979). Newhouse et al. (1979)', however, utilizing an 
interview of patients at the Royal National Throat, Nose, and 
Ear Hospital in. London, found that asbestos exposure was not 
more comom among cases as compared to controls. 

Significant increases in cancer of the .buccal cavity and of 
the pharynx have been reported by Selikoff et al. (1979). Among 
17,800 asbestos insulation workers he observed 16 deaths duo to 
cancer of these sites whereas 10.1 deaths would have been 
expected based on U.S. white male rates. 
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Robinson et al. f 1979) reported an excess of deaths due to 
lymphosarcoma and malignant lymphoma among white malps employed 1 
in an asbestos textile, friction, and packing products 
manufacturing facility. There were 7 deaths due to cancer of 
these sites, while 3.28 cases were expected. 

y. SMOKING AND 1 AS8EST0S. 

Hammond ett al. (1979) recently reported the results of their 
10-year follow-up study (Jan. 1, 1967 - Dec. 31, 1976) of 12,051 
asbestos insulation workers who had 20 or more years of work 
experience. They were able to obtain complete smoking histories 
of a large number of study subjects (8,220 workers) and compare 
their lung cancer mortality with that of a control population 
with a known smoking history. As a control population, 73,763 
men in the American Cancer Society's prospective cancer 
prevention study were selected. These men were similar to 
asbestos workers in many respects. They wpre white males; 
non-farmers: had no more than a high school education; had a 
history of occupational exposure to dust, fumes., vapors, gases, 
chemicals, or radiation: and were alive as of Jan 1, 1967. Most 
of all, their smoking habits were also known. 
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Age-standardized Tuna cancer mortality rates for control and 


asbestos workers were as follows: 


Groups. 

to 

Exposure 

asbestos 

History of 
cigarette smoking 

Death* 
rate * 

Mortal ity 
ratio 

Control 

No 

No 

11.3 

1.00' 

Asbestos 

workers 

Yes 

No 

58.4 

5.17 

Control 

No 

Yes 

122.6 

10.85 

Asbestos 

workers 

Yes 

Yes 

601.6 

53.24 


* Rates per 100,000 man-years standardized for age on the 
distribution of the man-years of all the asbestos 
workers. Number of lung cancer deaths based on death 
certificate information. 

Asbestos workers who did not smoke showed about a 5 times 
greater risk of dying of lung cancer when compared to the 
non-smoking control population. Asbestos workers who d'id smoke 
also had a 5 times greater risk of dying' of lung cancer as 
compared tc the controls who smoked. This means the relative 
risk associated with asbestos is about 5 fold for smokers and 
non-smokers alike. Therefore, the probability that their luro 
cancer was due to asbestos exposure is about 80% in: both smokers 
and non-smokers. 
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The combined effect of smoking and asbestos exposure appears 
to be more than simple addition. If the combined effect was 
additive, one would expect deach rates of 169.7 per 100,000 man- 
years among asbestos workers who smoked. This rate was derived 
from the sum of the baseline rate f,ll.3) plus the excess over 
that baseline due to asbestos (58.4-11.3=47.1) plus the excess 
due to smoking (122.6-11.3=111.3). The data seerm rather to 
satisfy a multipiicative model. It was shown that smoking alone 
increased the death rates about 11 times, and asbestos alone 

increased it 5 times. Therefore, for a multiplicative model, 
the mortality ratio for those exposed to both asbestos and 
smoking would be 55(5 times 11) times greeter than those who 

were exposed neither to asbestos nor to smoking. The mortality 
ratio for those exposed to asbestos and to cigarettes was 

actually 53.24. 

Liddell et al. (19.77) further analyzed the mortality 
experience of a cohort of chrvsotile asbestos miners and millers 
previously studied by McDonald (1973, 1974) and McDonald and 
McDonald (l')76). ' This cohort of 10,951 men born between 1891 
and 1920. and who had at least one month of employment, were 
followed through December 31, 1973. Cause of death was 

?scerts ired on 97* of the 4,037 known deaths, whereas 1,117 
(10*) 1 were lost to follow-up. Smoking habits were ascertained 
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through a ouestionnaIre administered to those living or to 
relatives of deceased workers who died after 1951. Unlike 
previous reports on this cohort, person-years were accumulated 
by 5-year age groups and 5-year periods of calendar time, with 
expected deaths by cause calculated using mortality rates for 
males In the Province of Quebec. 

For this cohort, the SMR for all causes was 107 and an SMR 
of 125 was observed for cancer of the lung and pleura, and there 
also were 40 pneumonoconiosis deaths. Using the whole cohort as 
the referent population, an excess of respiratory cancer was 
observed only after cumulative exposures of 300 mppcf-years. 
(Relative risk = 1.39). However, only 15 of the 40 

pneumonoconiosis deaths occurred with exposures greater than 300 
mppcf-years. When available smoking data were taken into 

account, lung cancer SMRs of 48 and 4:6 were calculated for 

non-smokers and px-smckers, increasing to 206 for heavy 
smokers. There were seven mesothelioma deaths among the cohort. 

The Liddell et al. study suffers in that an "unexposed" 

group is not used for dose-response analyses of lung cancer, 
thus risk at low doses could not be estimated. Secondly, 
smoking-specific death rates were not used for calculation of 
expected lung cancer deaths, thus underestimatina risks among 
non-smokers. 
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There is little or no evidence that cigarette smoking is 
related to increased risk of pleural or peritoneal mesothelioma 
(Hammond et at., 1972, 1979). 

Data from two studies suggests that cigarette smoking' may 
contribute to the risk of asbestosis. Hammond et al. (1979) 
reported that the asbestos is death rates of asbestos workers who 
smoked was 2.8 times as high as that of non-smoking asbestos 
workers. Weiss (1971) reported a prevalence of pulmonary 
fibrosis of 403* (30/75) among asbestos workers who smoked in 
contrast to a prevalence of 24% (6/25) among non-smoking 
asbestos workers. 

A small experimental study indicated that the particle 
clearance in the smokers was considerably slower than in the 
non-smokers. Cohen et al. (1979) reported that after a year,'50 
percent of magnetic dust, Fe 3 o 4 , originally deposited 
remained in the lungs of the smokers while only 10 percent 
remained in the lungs of the non-smokers. The authors suggested 
that smoking may impair the clearance of other dusts, including 
those that are toxic. This may help to explain the higher 
incidence of Tung disease in smokers. 

In summary, both asbestos and smoking are independently 
capable of increasing the risk of lung cancer mortality. When 
exposure to both occurs, the combined 1 effect with respect to 
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lung cancer appears to be multiplicative rather than additive. 
From the evidence presented, we may conclude that asbestos is a 
carcinogen capable of causing, independent of smoking, lung 
cancer and mesothelioma. 

VI. EXPOSURE TO AS8ESTIF0RM MINERALS OTHER THAN COMMERCIALLY 

MINED 1 ASBESTOS. 

Gilliam: et al. (1976) reported a 3-fold excess risk of 
mortality from respiratory cancer and a 2-fold excess of 
non-malignant respiratory disease (excluding influenza and 
pneumonia); among miners exposed to amphibole fibers in the 
cumminatonite - arunerite ore series at concentrations less than 
2.0 fibers/cnr. A large majority of the airborne fibers were 
shorter than 5um in length. McDonald et. al. (1978>, in a 
subseouent study of the same mine, examined the mortality 
experience of persons with at least 21 years of employment at 
the mine and mill. This study showed significant excesses of 
pneumoconiosis (mainly silicosis), tuberculosis, and heart 
disease. No overall excess of malignant diseases was found. 
However, when the population was broken down by estimated 
exposure, respiratory cancer was in 'excess, in the highest 
exposure group. The findings of McDonald et al. do not neaetp 
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those reported by Gilliam et el., but, rather, tend to 
strengthen them fn that McDonald used a rigid survival criteria 
(inclusion only of those employed 21 or more years), and further 
diluted the underground exposed effect by Including persons 
never exposed underground. 

Commercial talc deposits are sometimes found to contain 
serpentines (chrysotile, antigorite, and lizardite) and fibrous 
and non-fibreus amphibolies. One important deposit studied has 
been mined in the Gouveneur Talc District of upper New York 
State. Talcs in this area contained less than 1-23* silica, but 
have been shown to contain tremolite and anthophyllite, 
resulting in elevated miner and miller exposures to these fibers 
(Dement, 1979). 

Kleinfeld et el. (1967, 1974) have demonstrated elevated 
proportionate mortality due to lung cancer and respiratory 
disease among talc.miners and millers in New York State. Brown 
et al. (1979) have conducted a retrospective cohort mortality 
study among workers of one company in this area. The study 
cohort consisted of all white males initally employed sometime 
between January 1, 19 4 7, and December 31, 1959, with follow-up 
through, June 30, 1975. Expected cause-spec ific deaths were 

calculated using age, calendar time, and cause-specific 

mortality rates of the U.S.. Among this cohort. 10 respiratory 
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cancers were observed, whereas only 3.5 wpre expected. Excess 
mortality was also observed for non^malianant respiratory 
diseases. One case of mesothelioma was observed: however, this 
worker was known to have had prior employment with unknown 
exposures in the construction industry. 

Gamble et al. (1979) studied respiratory disease morbidity 
among a cohort employed at the same mine and mill' studied by 
Brown et al. (1979). A total of 121 currently employed workers 
werp given a respiratory Questionnaire, PA and lateral chest 
films, and spirometry tests. Talc workers with greater than 15 
years employment were found to have an increased prevalence of 
pleural abnormalities compared to coal miners, potash miners end 
chrysotile asbestos workers. FEV1 and FVC reductions 
demonstrated significant association with particulate and fiber 
exposure. \ 

Mesothelioma of- the pleura and peritoneum have been detected 
ini two villages in Turkey: Tuzkoy and Kara in (Artuinll and 
Baris, 1979 and Saris et al., 1978). Mneralogical analysis of 
samples from ore and water have revealed the asbestiform mineral 
zeolite but no asbestos. These fibers were usually l-2um in 
diameter and 3(M0um in length'. Annual rates of malignant 
pleural mesothelioma in Tuzkoy were found to be 22 cases per 
10,000 people, and 182 cases per 10,000 in Karain, while studies 
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in Pennsylvania flieben and Pistawka, 1967): Finland (Nurminem, 
1975), and England,. Wales and Scotland (Greenberg and Davies, 
1974) reported annual incidences of 1 to 2.3 cases per 1,000,000 
persons. 

VII. NON-QCCUPATIONAl EXPOSURE TO COMMERCIAL SOURCES OF ASBESTOS. 

Anderson et al. (1979) reported on the occurrence of X-ray 
abnormalIties among household contacts of workers in an emosite 
asbestos factory. The study cohort consisted of 679 household 
contacts who had lived in the household of an actively employed 
amosite asbestos factory worker and who themselves had not had 
occupational exposure to asbestos or other fibroaenic dust. 
These individuals were given a PA chest film; which was read by 
five readers according to the ILO/UC Classification of 1971.' 
For comparison, 325 controls living in the same community as 
the study subiects,'matched by age and sex, were examined. 

Among' the study population, there wa:; a 17« prevalence of 
small opacities, versus 3 % for the controls. Pleural 
calcifications were present in 8% of the household contacts and 
were seen in none of the controls. Therp were 35X with one or 
more radiological abnormalities among household contacts in 
contrast to 5X among controls. An increasing prevalence of all 
abnorma 1 ities with duration of exposure was observed. 
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Chura et al. C1978) reported a case of mesothelioma of the 
pericardium. in a man treated 15 years earlier for angina 
pectoris by dusting of the pericardial cavity with a mixture of 
fibrous dusts including anthophyllite asbestos, tremolite 
asbestos and fibrous glass. 

VIII. DOSE-RESPONSE RELATIONSHIPS. 

Evidence available to date Indicates that a large dose of 
asbestos will produce a bigger health hajard than a small 
dose. Seidman et al, 11979), using the length of time worked 
ir an amosite asbestos factory as a measure of the dosage of 
asbestos, reported an increased risk of dying from lung cancer 
with increasing duration! of employment. Henderson and 
Enterline (1979), using cumulative dust exposure as an estimate 
of dose, reported that the dose-response relationship for lung 
cancer is nore likely linear. They predicted the relationship 
to be SMR-100+0.658 times cumulative dust exposure 
(mppcf-yrs)i. Liddell et al. (1977) also reported a similar 
relationship, i.e., a tendency for the mortality for lung 
cancer to increase with the dose. 

Berry et al. fl979)i reported that the occurrence of 
crepitations, possible asbestosis, and certified asbestosis was 
related to the cumulative dose. 
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Newhouse and Berry (1976) suggested that the risk of dying 
from mesothelioma Increases with increasing dose. Jones et al. 
(1979) reported a linear relationship between mesothelioma ■ rate 
and length of exposure. In a study of the women workers in a 
wartime gas mask factory, they found women having a long 
employment period had a higher proportion of death due to 
mesothelioma than those who had a short period of employment. 

Although there appears to be little dispute that a larger 
dose of asbestos will pose a greater health risk, the exact 
nature of the dose-response relationships may be subject to 
considerable debate. This is so primarily because of problems 
of exposure estimation. Methods of measuring' dust levels have 
changed over time with respect to sampling instrument (thermal 
precipitation vs. midget impinoer vs. membrane filter); 
location of sampling (personal vs. area), dust counting 
(particles vs. actual fibers) and/or evaluation techniaues 
(whole fields vs. eyepiece graticule). As a result, conversion 
of dust levels obtained by one method to levels comparable to 
another method is far 'from simple, and is subject to 
considerable error. Another factor which may lead to 
differences of opinion on the exact shape of the dose-repcnse 
curve is the measure of the dose. The ccrnmcnly used measures 
of exposure are the cumulative dose and the duration of 
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employment. Since using cumulative dose as a measure of 
exposure oives eoual weight to the concentrations of c*ust 
exper ienced. in each year of exposure, exposure of many years 
ago is considered as important as recent exposure. This 
practice is unrealistic for the chronic diseases having a long 
latency period. Duration of employment has also been used as a 
measure of exposure under the assumption' that increasing the 
work time approximates increasing the dose. This procedure has 
the same problem as using the cumulative dose. Furthermore, in 
the absence of reliable past exposure data, the duration of 
employment may not eoual the total dose of asbestos. 

With regard to the linear hypothesis, the 3ritish Advisory 
Committee on Asbestos, in 1979, stated as follows: 

Our reasons for preferring a linear hypothesis are: 

(1) It fits the data for occupational 
exposures: (2) it is the simplest hypothesis 
and • the one most readily used for 
extrapolation to the probable effects of low 
doses; (3)i it is likely to lead to an 
overestimate rather than' underestimete of 
risks at verv low doses. (Final Report, Vol. 

2, P. I*) 

Data available to date provide no. evidence for the 
existence of a threshold level. Virtually all levels of 
asbestos exposure studied to date demonstrated an excess of 
asbestos-related disease. 
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